Specific binding of 1-naphthaleneacetic acid (NAA) to crude membrane preparations from cucumber (Cucumis sativus L.) was demonstrated. This
. Therefore, in vitro auxin binding to membranes from cucumber fruit has been tested to find out whether there were any common features in the in vitro binding to fruit tissues.
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6 Abbreviations: SF, supernatant factor; gfw, gram fresh weight; IPA, 3-indolepropionic acid; Kd, equilibrium dissociation constant; NAA, 1-naphthaleneacetic acid; 2-NAA, 2-naphthaleneacetic acid; 2-NOA, 2-naphthoxyacetic acid; PVPP, polyvinylpolypyrrolidone; TIBA, 2,3,5-triiodobenzoic acid.
because the auxin responsiveness of cucumber fruits has been clearly demonstrated (6) and cucumber represents a true fruit in the botanical sense (enlarged ovary) with the seed or seed-like structures (source of auxin in fruits) in the core of the fruit. Here, we demonstrate the presence of specific auxin-binding sites in cucumber fruit membranes and clearly show the proteinaceous nature of these binding sites. We further show that auxin binding to membranes from fruit tissues have a lower pH optimum and higher Kd (lower affinity) than vegetative tissues (4, 9, 20) .
MATERIALS AND METHODS Plant Material. Plants of Cucumis sativus L. MSU 684 x 581
were grown in 25-cm pots in the greenhouse under supplemental lighting to provide a 16-h photoperiod.
Chemicals. I-Naphthyl[l-_4C]NAA was originally in benzene which was evaporated and the ["4C]NAA was redissolved in an appropriate volume of redistilled acetonitrile and stored at -20 C until used. PVPP was used to absorb and remove the phenolics and was found to have no effect on auxin binding. The fines were removed from the insoluble PVPP and prewetted with the extraction buffer prior to use. Acetonitrile was purchased from Mallinckrodt. All other chemicals were purchased from Sigma. The pH of all buffers was set at room temperature.
Membrane Isolation. All the steps in membrane isolation and all the subsequent assay procedures were carried out on ice unless otherwise specified. All the experiments were replicated at least three times. Young cucumber fruits, 4 to 6 cm long, were peeled with a potato peeler, diced, and homogenized in a Waring Blendor with 2 volumes extraction buffer [100 mm Mes, 250 mm sucrose, 1 mm Na2EDTA, 0.1 mM MgCl2 (pH 7.0)] and 0.4 g/gfw of prewetted PVPP. The homogenate was further homogenized with a Polytron homogenizer at maximum speed and filtered through one layer each of cheesecloth and Miracloth. The filtrate was centrifuged at 7000g for 10 min to sediment cell debris, including cell walls, nuclei, etc. The resultant supernatant was centrifuged at 250,000g for 20 min in a Beckman L-5 50B ultracentrifuge. The supernatant of this centrifugation step was used for supernatant factor studies. The membrane pellet was resuspended with a glass rod in a wash medium consisting of 10 nim citrate, 250 mm sucrose, 1 mM MgCl2 (pH 6.0) and centrifuged again at 250,000g for 20 min. The resultant membrane pellet was resuspended and homogenized in the assay medium with a tight-fitting Potter-Elvejhem homogenizer. The assay medium consisted of 10 mm citrate, 250 mM sucrose, 5 mM MgCl2 (pH 3.75), except for the pH experiments where the pH of the assay buffer was adjusted to 3.0 through 6.0 with HCI or NaOH. The membranes from strawberry fruits were isolated in the same manner as cucumber except for PVPP which was 2.2 g/gfw and the volume of extraction buffer was 5.8 ml/ gfw. The membranes from corn were isolated in the same manner except for the extraction buffer which was 50 mM Tris (pH 8.0), 250 mm sucrose, I mm Na2EDTA, and 0.1 mM MgCl2. No PVPP was used for corn membrane extraction and the volume of extraction buffer was 2 ml/gfw.
In Vitro Auxin-binding Assay. A competitive auxin-binding assay was used to estimate the specific binding of NAA to crude membranes from cucumber fruit. Various aspects of equilibrium binding and the theoretical rationale for competitive binding assays are discussed at length elsewhere (8, 19, 22 To the other aliquot, equal volume of acetonitrile was added. The membrane suspensions then were incubated on ice for 10 min. Triplicate 1.0-ml samples were centrifuged at 120,000g for 15 min. In some cases, the samples were centrifuged at 12,000g for 15 min in an Eppendorf microfuge. In all the experiments, there was no qualitative difference in the results between the two centrifugation protocols. Immediately thereafter, the supernatant containing the unbound auxin was poured off, and 1 ml methanol was added to the centrifuge tubes and left to extract the radioactivity overnight. The contents of the tube including the pellet then were transferred to a scintillation vial with a Pasteur pipette. The centrifuge tubes were rinsed with an additional 1 ml methanol and poured into the same scintillation vial. Scintiverse scintillation cocktail was added to the scintillation vials and the samples were counted to 1% error or 10 min at about 70%o counting efficiency in a Packard Tri-Carb scintillation spectrometer. Prior to centrifugation a sample was counted for an estimate of total radioactivity (bound plus free) in the system. The percentage specific binding was calculated by dividing the specifically bound radioactivity in the pellet by the total radioactivity in 1.0 ml assay mixture.
For displacement experiments, the membrane suspension containing [1 C]NAA was divided into several aliquots to which a range of concentrations of [12C]NAA from 1 x l0-3 to 5 x 10-8 M were added. The rest of the procedure was as described earlier.
The details of Scatchard analysis are described elsewhere (2, 3, In the experiments where the reversibility and equilibrium were demonstrated, the usual assay as described earlier was performed, except that the samples, after addition of ['2C]NAA, were incubated for 2, 10, 30, or 60 min. In addition, an assay was also performed with the labeled and unlabeled NAA added in reverse order.
SF Experiments. The pH of the supernatant from the first 250,000g centrifugation was adjusted to 3.75, filtered, and stored on ice until used. Correspondingly, the pH of extraction buffer [Mes (pH 7)] was adjusted to 3.75 and stored on ice until used. To 9 parts normal membrane suspension, 1 part supernatant was added. Similarly for the control, to 9 parts membrane suspension, I part extraction buffer was added. The specific binding of NAA to these membrane suspensions was determined in the usual manner.
Pronase Treatment. After the first 250,000g centrifugation, the pellet was resuspended and homogenized in the washing buffer [10 mm citrate (pH 6)]. This membrane suspension was divided into two aliquots. To one aliquot, crystalline pronase B (2 mg/ml) was added. The pH of both aliquots was adjusted to 8.0 and held at 37 C (pronase) or on ice (control) for 60 min. Then, the two samples were centrifuged at 250,000g for 20 min and the resultant pellets were assayed for NAA binding in the usual manner.
RESULTS AND DISCUSSION Figure 1 shows the effect of the pH of assay buffer on the amount of [ 5.5 in corn coleoptiles (7, 20) and 8.0 in mung bean hypocotyls (10) . Figure 2 shows Figure 3 that, after 10 min incubation, the percentage specific binding is virtually the same in both cases. The data also show that the equilibrium is reached within 10 min, similar to auxin-binding in corn coleoptiles (20) .
To study the nature of auxin-binding sites in cucumber fruit membranes, the membrane suspension was treated with pronase before performing the auxin-binding assay. The rationale was that, ifthe auxin-binding site(s) were proteins, then pronase should hydrolyze the proteins and significantly reduce the specific binding of NAA. Table I shows that the appropriate control had 2600 cpm/gfw specifically bound NAA, whereas the pronase-treated membranes showed no specific binding, thus clearly demonstrating the proteinaceous nature of auxin-binding sites in cucumber fruit membranes. Similar results were reported in corn coleoptiles (20) . However, the membranes of the corn coleoptile had to be treated with phospholipase prior to pronase treatment in order to destroy most of the NAA binding (20) . The selves.
One feature of auxin-binding in corn coleoptiles was the SF inhibition where the supernatant from the high-speed centrifugation (cytoplasmic fraction) strongly inhibited NAA binding to the membranes (4, 20, 25) . Venis and Watson (25) have identified this heat-stable and dialyzable factor as a mixture of 6-methoxy-2-benzoxazolinone and 6,7-dimethoxy-2-benzoxazolinone. They reported that these compounds are found only in a few plant species and, hence, may not play a significant role in endogenous hormonal control in plants. Cross and Briggs (7) showed varying degrees of inhibition of auxin-binding to corn coleoptile proteins when the supernatant from different species, including apple fruits, were tested. In strawberry fruits, Mudge (12) failed to observe any SF inhibition. The results in Table II show that l1o0 (v/v) supernatant inhibits NAA binding to cucumber fruit membranes by 39%. From the appropriate control, it can be seen that the reduction in specific binding is not due to a pH change or an increase in the ionic strength. Therefore, with regard to SF inhibition, cucumber fruits appear to be analogous to corn coleoptiles. At this time, we do not know whether this SF inhibition is due to benzoxazolinone(s) or to some other compounds. Based on the survey by Cross and Briggs (4) and cucumber data, it appears that SF inhibition may not be as rare as the occurrence of benzoxazolinones.
A displacement experiment was performed to estimate the affinity and the concentration of NAA-binding sites on cucumber fruit membranes (Fig. 4A) . Specifically Bound NAA (pmols x 10-3) on/off type of regulation (2) . A few other fruit systems need to be investigated to see whether this phenomenon is typical of fruits. There are several reports on the effects of various auxin analogs in pea test, oat, and corn coleoptile elongation bioassays (11, 21) . If auxin binding to membranes represents the formation of a hormone-receptor complex, then there should be a positive correlation between the observed biological response and the ability of the test compounds to bind to receptor sites. Ray et al. (21) , working with 48 indole, naphthalene, benzene, and phenoxy derivatives, found a positive correlation between their ability to bind specifically to corn coleoptile membranes and their ability to induce elongation of corn coleoptiles, especially in the presence of SF. The correlation, although only weakly positive, was still considered relevant because of the inherent differences between different analogs in their transport, inactivation, metabolism, etc. Mudge et al. (14) tested several compounds, including IPA, 2-NAA, 2-NOA and 2,4-D, for their ability to bind to strawberry fruit membranes and their ability to induce growth and found a positive correlation between in vitro auxin binding and in vivo fruit growth bioassay. We tested the ability of NAA, 2-NAA, 2-NOA, IAA, IPA, 2,4-D, and TIBA to bind to cucumber fruit membranes. The basic assumption here was that the test compounds and NAA would compete for the same binding site(s). The ability of the test compounds to displace or compete with [14C]NAA was taken as a measure of their binding ability. Results in Figure 5 show that NAA, 2,4,-D, and TIBA are very effective in binding to membranes, followed by IAA and 2-NOA. In comparison, 2-NAA and IPA bound very weakly to cucumber fruit membranes. Interestingly, NAA, 2-NOA, IAA, 2,4,-D, and TIBA are very effective inducers of parthenocarpy in cucumbers (6). We do not have any data on the ability of 2-NAA and IPA in inducing fruit set in cucumbers. But in strawberries and pea stems (11, 12, 14) , 2-NAA and IPA are reported to be weak auxins, whereas, in corn coleoptiles, 2-NAA is reported to be an inhibitor of elongation (21) . The results with 2,4-D and TIBA in cucumber are very interesting because, as mentioned earlier, 2,4,-D is very efficient in inducing growth but does not bind efficiently to corn or strawberry membranes (12, 14, 21) . But in cucumber fruits, 2,4-D and TIBA induce fruit set very efficiently and also show a high degree of in vitro binding to fruit membranes. Results from cucumber seem to suggest that there is a good correlation between growth initiation (fruit set) and the binding of growth promoters to binding sites. In vitro auxin-binding studies and growth bioassays from corn coleoptiles, strawberry fruits, and cucumber fruits suggest that observed auxin-binding sites in membranes may represent a physi- 
